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Summary : The application of lightning impulses to 
polymer insulation, including composite insulators, 
can result in the deposition and retention of significant 
quantities of charge on the surfaces.  This is very 
evident after withstand impulses near U50.  The 
presence of retained charge means that the polymer 
test object has a memory of preceding impulses and 
this compromises the main requirement for 
determining statistical impulse strength – that each 
impulse application is a statistically independent test.  
This means that impulse testing techniques for 
polymer insulation may need further consideration to 
account for charge effects. 
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1. INTRODUCTION 
 
Most experienced high voltage test engineers know 
that the application of withstand impulses at lower 
voltages will improve the likelihood that certain types 
of test object will pass a withstand test at 100% test 
level.  They also know that it can be very important to 
apply reduced voltage impulses whenever the polarity 
of the test impulse is changed.  The latter is 
recognised in some equipment standards [eg 1, clause 
6.2.4 (b)] – “Some insulating materials retain a charge 
after an impulse test and for these cases care should 
be taken when reversing polarity.  To allow the 
discharge of insulating materials, the use of 
appropriate methods, such as the application of three  
 
impulses at about 80% of the test voltage in the 
reverse polarity before the test, is recommended”.  In 
a real sense, this is a conditioning effect which can 
raise (somewhat artificially) the apparent impulse 
withstand strength. This high voltage ‘know how’ is 
nearly always utilised when impulse testing power 
cables, high voltage switchgear and enclosed gas-
insulated systems. It is commonly supposed that the 
effect is due to deposited and retained charge.  
 
It is self evident that the retention of charge means 
that the test object has a memory of any preceding 
impulse(s) and so the application of a subsequent 
impulse is not a statistically independent test.  This 
poses the question – why has the effect of retained 
charge not been considered in the formulation of 
statistically based impulse test techniques for those 
test objects where the application of impulses is 
known to or is likely to deposit charge which will 
effect the electric field distribution for subsequent 
impulse applications?  It is of course also known that 
many test objects (such as those that use ceramic and 
glass insulation) do not retain any significant levels of 
charge following the development of incomplete 
breakdown processes.  For such test objects, the 
‘standard’ 60s between impulses satisfies the 
requirement that each impulse application is a 
statistically independent test. 
 
This is a preliminary report describing studies of the 
effects of charge observed during lightning impulse 
voltage tests on a number of test objects which utilise 
polymer materials as insulation.  They include 
insulated conductors and composite insulators. 
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2. TEST OBJECTS AND EXPERIMENTAL 
METHODS 
 
The test objects included insulated conductors 
covered with thick (3mm) XLPE and composite 
polymer insulators for 33, 66, 110/132kV and 
275/330kV systems.  Some of the insulators were not 
new while others were new; the sheds of the 
insualtors were either EPDM or silicone rubber. The 
insulated conductors were arranged in two test 
configurations – two crossed conductors with air gaps 
of 3 to 150mm between the polymer surfaces, and a 
simple termination on a single conductor (no stress 
cone).  For all the test objects, an approximate 
lightning impulse U50  was determined and charge 
measurements were then made on the polymer 
surfaces after the application of withstand and 
flashover impulses at ∼ U50 .  The charge deposited 
and accumulated on the polymer surfaces were 
measured using commercial instruments – an Ions 
Systems electrostatic field meter model 775 at UQ or 
an ACL model 300 electrostatic locator at ABB. Both 
are non-contacting instruments which identify the 
polarity of the charge and give a quantitative measure 
of its magnitude.  Depending on the distance from the 
target surface, the readout is in voltage (up to 20kV) 
and the various voltage ranges are calibrated to equate 
to uniform electric field strengths (kV/inch) for 
specific distances (1/2, 1 or 4 inches).  The 
calibrations are only valid for a flat target surface 
much larger than the active electrode of the 
instrument.  This condition was not satisfied for 
charge measurements on the polymer surfaces, and so 
the quoted voltages (and the inferred fields) are 
correct only in respect of relative magnitude and have 
little absolute accuracy.  For the insulated conductor 
test objects, impulse breakdown voltages were also 
determined, usually the lowest level at which 
breakdown was first observed and then the increased 
breakdown voltages which resulted from the 
deposition of charge on the polymer surfaces.  For the 
crossed insulated conductor configuration, only the 
impulse voltage that caused breakdown of the air gap 
was determined. This was really a partial breakdown 
since only the air gap broke down and the polymer 
insulation withstood the voltage without puncture and 
so required an ability to detect and interpret the 
associated partial discharge (PD) [2, 3]. 
 
 
3. EXPERIMENTAL RESULTS 
 
3.1 Charge Measurements  
 
These are presented in two groups, firstly for test 
objects which allowed full breakdowns as well as 
withstands (the composite insulators and the simple 
termination) and secondly the crossed insulated 
conductors with an air gap whose breakdown only 
caused a PD. The charges for the first group of 
composite polymer insulators were measured with 
the Ions Systems 775 meter held 25mm from the 
polymer surfaces.  Withstand impulses of 100kV 
applied to a 6-shed 33kV insulator deposited charges 
on the polymer sheds and core sheath, with the charge 
magnitude largest at the impulsed end (about 0.2 to 
0.4kV) and decreasing steadily towards the earthy end 
(0.04 to 0.07kV).  The deposited charge magnitudes 
were slightly larger for positive than for negative 
impulses.  Withstand impulses of about 600kV 
applied to two types of 66kV insulators (16 and 19 
sheds) resulted in much larger charge magnitudes 
(mostly up to about 2.5kV for positive impulses, 
occasionally as high as 6kV; up to about 1.4kV for 
negative impulses).  There was no clear pattern of 
variation of charge magnitude with position along the 
insulators.  The dominant polarity of the deposited 
charge was the same as the polarity of the applied 
impulse. But just after the polarity of the applied 
impulse was changed, charges of both polarities were 
observed on the insulators.  The charge magnitude 
and distribution along the insulator usually altered 
after breakdowns occurred, but the extent of these 
changes depended on whether the discharge path was 
mainly through the air or over the insulator surface.  
The pattern of charge results was rather similar when 
impulses of about 900 to 1000kV were applied to two 
types of 110/132kV insulators.  The insulators were 
not new and had been stored outdoors for many years.  
One had degraded and hydrophilic surfaces and the 
magnitude of the charge deposited on it decreased to 
small values after about 3 minutes when the relative 
humidity of the air in the laboratory  was high (over 
80%).  Three types of  new 275/330kV long-rod 
insulators with silicone rubber sheds were tested with  
impulses of 1200 to 1300kV.  The pattern of results 
was again similar, including the decrease of retained 
charge with time when the relative humidity was high. 
The application of impulses to a simple cable 
termination of length 140mm at –50kV and +60kV 
caused gliding discharges along the XLPE surface.  
Withstand impulses deposited most charge near the 
impulsed electrode (up to about – 0.4kV and + 10kV), 
with the magnitude decreasing steadily to the earthy 
end.  After positive polarity breakdown impulses, the 
largest charge magnitude reduced to about 1.4kV; in 
contrast, negative polarity breakdowns had little effect 
on the charge magnitude.  
 
 As expected, a totally different pattern of charge 
deposition occurred for the second group of test 
objects, the crossed insulated conductors with 
various air gaps between them.  Using applied 
voltages up to about 130kV,  extensive charge 
measurements were made with air gaps in the range 3 
to 25mm using the ACL 300 meter held 12.5mm from 
the XLPE surface at varying distances from the cross-
over point (it is doubtful if the results obtained with 
this meter can be compared with those from the Ion 
Systems meter).  In general, no significant charge was 
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observed on the XLPE unless the air gap broke down.  
Once air breakdowns occurred (as detected by the 
appropriately sized PD), charges were deposited on 
both the XLPE surfaces that bounded the air gap.  The 
polarities of the deposited charges were such as to 
oppose the field due to the applied voltage.  If the 
voltage applied to one conductor was +, then – charge 
appeared on the closest XLPE (to air) surface and + 
charge on the surface close to the earthy conductor; 
and vice versa if the voltage polarity was -.  For each 
air gap, there was a minimum voltage which first 
caused air gap breakdown and thereafter the voltage 
had to be increased to cause further air gap 
breakdowns.  The magnitude of the deposited charges 
increased from about 0.5kV to >5kV as the applied 
voltages were increased.  Also, the deposited charge 
spread further and further along the XLPE surfaces, 
eventually reaching distances of over 300mm from 
the cross-over point; full details can be found in [2].  
The deposited charges were retained on the XLPE for 
very long periods (many hours in the air conditioned 
laboratory].  Usually the charge was removed before 
each test sequence.  If the charge was not removed 
prior to a change of polarity of the applied impulse, 
charges of both polarities were detected at different 
locations on each XLPE surface. 
 
3.2   Breakdown Voltages  
 
 The aim was to determine if the charge deposited and 
retained on the polymer surfaces had an effect on the 
subsequent breakdown voltages.  There was an easily 
discernible effect with the simple termination on the 
XLPE insulated conductor – namely, the probability 
of breakdown for applied voltages near U50 decreased 
if charge was allowed to accumulate on the XLPE 
surface.  That is, an accumulation of charge led to an 
increase in the apparent strength.  The fact that 
deposited charge increased impulse strength was even 
more marked for the air gaps between the XLPE 
insulated conductors.  As mentioned above, there 
was always a minimum voltage which had to be 
applied to the test object to first cause the PD which 
identified breakdown of the air gap.  Thereafter ( if 
the deposited charge was allowed to remain on the 
surfaces), the applied voltage had to be increased by 
between 25 and 40% before more air breakdown PDs 
were observed (the extent of such increases was even 
greater for direct voltages).  In effect, the 
accumulation of charge can be seen as a conditioning 
effect which raised the apparent breakdown strength 
of the air gap.  As discussed below, even though the 
concept of the 50% breakdown voltage (U50) might be 
considered invalid for a test object whose 
characteristics may change with the application of 
successive impulses, it was observed that there was a 
quasi-U50 when the voltage was between 35 and 60% 
above the level which produced the first air gap 
breakdown. 
 
4. DISCUSSION AND CONCLUSIONS 
 
It has been demonstrated that pre-breakdown and 
partial-breakdown processes can deposit significant 
levels of charge on polymer surfaces for a variety of 
test objects including XLPE insulated conductors and 
composite insulators. Obviously, as soon as charge is 
deposited on the surfaces, the electric fields change in 
the air gap.  As described in Sect 3, the polarity of the 
deposited charge is such that the charge field opposes 
and so reduces the field due to the voltage applied to 
the metal electrodes.  So higher voltages (of the same 
polarity) must now be applied to cause further 
breakdown of the air gap.  With lightning impulse 
voltages, the charges deposited by breakdowns on the 
polymer surfaces of the insulated conductors 
increased the apparent breakdown strength of the air 
by between 25 and 40% (for 3 to 25mm air gaps 
between the XLPE surfaces).  These increases are in 
accord with the theory detailed in [3].  The fact that 
more and more charge is accumulated with the deposit 
from each air breakdown means that the test object is 
changing with each breakdown, that it has a memory 
of each breakdown, and a subsequent application of 
an impulse cannot be regarded as a statistically 
independent test.  Therefore, charge accumulation 
invalidates statistically derived measures of standard 
impulse strengths such as 50% impulse strength and 
statistical withstand strength.  The obvious way of 
overcoming this problem is to remove any deposited 
charge before the application of a subsequent impulse 
– this would make statistical impulse testing even 
more time-consuming than it already is.  However, if 
it not done, there will be an artificial increase in the 
measured impulse strength.. The problem becomes 
more acute if there is a change in polarity of the 
applied voltage.  The charge remaining from previous 
voltages of opposite polarity produces a field which 
adds to and so increases the field due to the applied 
voltage, so causing an apparent lowering of the 
strength. 
 
It is obvious that, while the experiments on air gaps 
between XLPE insulated conductors were reasonably 
thorough, more extensive experiments and analyses 
are required for other insulation structures which 
utilise polymer insulation.  This is particularly so for 
composite line insulators, both of suspension and post 
types, and including those with new and aged EPDM 
and silicon rubber polymers.  The deposited charge 
magnitudes need to be measured with more care, the 
effects of theses charges on experimental probabilities 
of breakdown need to be investigated more 
thoroughly, and these should be accompanied by 
electric field calculations to examine the extent to 
which the charges affect the fields at various locations 
along the insulators.  Even so, it is considered that the 
results of the experiments already made (and reported 
in this contribution) demonstrate that high voltage 
experts in other laboratories should also investigate 
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the effects of deposited and retained charge on the 
apparent impulse strength of polymer insulation.  If it 
is confirmed that these effects can result in a 
significant artificial increase (or decrease) in 
sparkover voltages determined with conventional 
step-by-step and up-and-down test methods, then 
further consideration will have to be given to matter 
of appropriate impulse testing techniques for polymer 
insulation.  
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RESUME 
L'application de chocs de foudre à l'isolation en 
polymère, y compris les isolateurs composites, peut 
aboutir au dépôt ou à la rétention de quantités 
importantes de charge sur les surfaces. Cela est 
particulièrement évident après des chocs de résistance 
proches de U50. La présence de charges retenues 
signifie que l'objet de test en polymère garde en 
mémoire les impulsions précédentes et cela 
compromet la principale exigence pour déterminer la 
tenue aux chocs – autrement dit, chaque application 
de choc constitue un essai statistiquement 
indépendant. Cela signifie que les techniques d'essai 
de chocs appliquées à l'isolation en polymère méritent 
une étude plus approfondie pour prendre en compte 
l'effet des charges. 
 
 
 
